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PREFACE 


In  this  concluding  report  of  a  series  of  four  on  "Underwater 
Explosion  Bubbles"  we  present  results  of  numerical  computations  for 
specific  underwater  explosions.   The  work  on  these  computations 
began  in  1953  and  x^ras  completed,  except  for  various  drawings,  in  1955. 

Vifialle  the  organization  of  the  work  and  the  responsibility  for 
its  accuracy  are  assumed  by  the  ^Inderslgned,  actual  work  has  been 
largely  carried  out  by  others.   Professor  E.  Isaacson  was  frequently/ 
consulted  on  the  computational  techniques.   Miss  K.    Reissm.an, 
Mrs.  S.  Hahn,  L.  D.  Grey  and  Miss  L.  Wertheimer  did  all  the  computa- 
tions.  Drawings  were  prepared  by  Mrs.  S.  Hahn  and  Miss  L.  Wertheimer 
and  tables  were  extracted  by  J.  Smith  and  Miss  E.  Kramer. 
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has  a  fully  developed  cavity,  and  its  shape  indicates  a  possible 
change  into  toroidal  shape.   However,  it  is  expected  in  this  case 
that  the  bubble  will  perform  several  oscillations  before  chan/:.:ing 
its  topological  structure.  Altogether  we  found  it  difficult  to  use 
the  numerical  results  for  more  than  one  oscillation  period.   In 
order  to  obtain  a  description  of  the  bubble  motion  for  two  periods, 
we  had  to  reduce  the  value  of  the  parameter  o-  to  .00125,  and  this 
corresponds  to  an  explosion  of  1.05  grama (I)  of  TUT  at  a  depth  of  125 
ft. 

II.   Mathematical  Formulation. 

Our  study  is  based  on  the  following  siraplifying  assumptions. 

1.  The  ocean  water  is  incompressible  and  inviscid. 

2.  The  water  flow  is  laminar  and  irrotational. 

3.  The  bubble  gas  has  no  internal  motion  and  expands 
adiabatically. 

h.        The  bubble  is  initially  spherical  and  has  no  radial 
velocity, 

5.  The  ocean  bottom  is  a  rigid  surface. 

6.  The   bubble  is  sufficiently  far  from  the  water  surface 
to  allow  the  use  of  a  linearized  surface  condition. 

The  object  is  to  find  the  water  velocity  potential,  i(x,T,z,t), 
the  migration  of  the  center  of  gravity  of  the  bubble,  B(t),  measurld  ^ 
from  the  center  of  explosion  and  the  equation  of  the  bubble  surface, 
r  =  R(e,t),   The  equation  for  the  bubble  surface  has  been  written  in 
spherical  coordinates  with  origin  at  the  moving  center  of  gravity 


,.:'    brjK    ^-.^cliv ' 


•r  r 


.1 
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of  the  bubble,  and  the  polar  axis  pointing  upwards. 

Under  the  above  assiomptions,  ^  ,  B,  and  R  are  found  to  satisfy 
and  to  be  determined  by  the  following  conditions: 

(2.1)  A  2  =  0  *    in  water, 

(2.2)  VI'Vp+P^"^'  ^°^     P  =  0   (kinematic  bubble  surface 

condition) , 

(2.3)  Pq  -  p[|.  +  |(VS)^3  -  Pgz  =  KV"Y,   for  P  =  0   (dynamic 

bubble  surface  condition), 

(2.1+)    1,  =  0  *    for  2  =  -  H   (rigid  bottom  condition)  , 

(2.5)  2  =  0  *    i'oi'  z  =  z     (linearized  free  surface  condition), 

(2.6)  R(9,0)  =  Aq  =  constant, 

(2.7)  R^(0,0)  =  0  ,  f  ^ 

^  /   Initial 


,^a\  ^,^\        ^,^^        ^  \    conditions  /  • 

(2.8)     B(0)  =  B(0)  =  0  ,        \  / 


Here, 


p  •  '4vvn. density  of  v/ater 


p   -   atmospheric  pressure 

z   -   depth  of  explosion  center 


H   -   distance  of  the  bottom  from  the  explosion  center 

Pq  =  Pq  +  PSZq  -  hydrostatic  pressure  at  the  explosion  center 


'kr- 

2  -  B 


P(x,y,z,t)  =  z  -  B(t)  -  R(e,t)cos  9  ,  cos  G  = 


/x2+y2+(z_B)2 


V  =  Y^  I  R^(e,t)sin  0  d9  =  volune  of  the  bubble. 

o 

Y  -  adiabatic  exponent. 

X  -  adiabatic  gas  constant 

W  -  weight  of  the  explosive 

K  =  xv;^  . 

A  -  Initial  radius  of  the  bubble, 
o 

When  the  effects  of  the  boundaries  can  be  neglected,  the  conditions 

(2.1j-,  5)  are  repla^ced  by  a  requirement  of  regularity  of  "^  .   One 

obtains  the  sane  result  by  solving  the  problem  with  finite  H  and 

z  ,  and  letting  H  — >  co  ,  z  — s^  oo  . 
o  ^  '      o 


III.   Dimensional  Analysis. 

The  number  of  parameters  appearing  in  the  formulation  is  re- 
duced by  introducing  dimenslonless  units  and  parameters.   It  is 
convenient  to  introduce  for  units  of  length  L  and  time  T  the 
following: 


(3-1)  ^  =  {^0ff'     . 


(3-2)  I  =  Ly^   • 


o 


Here, 


-5- 
(3.3)      E  =  ^  A^tipAf.  P„  -^-^(^2  A3,-r)  . 

is  the  total  constant  energy  that  the  system  water  bubble  would 
have  in  the  absence  of  boundaries.   VJhen  boundaries  are  present, 
the  total  energy  is  still  constant  but  different  from  E  -by  a  terra 
E  .   However,  one  shows  that  even  in  this  case  E  =  0   if  the  initial 

t 

radial  velocity  of  the  bubble,   A  =  0  . 

The  units  used  here  are  different  from  the  imits  introduced 
by  Friedman  [2],  and  adopted  in  the  literature  on  Underwater 
Explosion  Bubbles.   If  L   and  T  are  the  Friedman  units,  we  have 
the  relations 


I 


For  Y  =  1.25  ,  a  value  generally  accepted  for  explosion  products, 
see  [1]  , 

(34')  L  =  .585  L   , 

T  =  .716  T   . 

L  is  the  equilibrium  radius  of  a  bubble  in  a  system  of  energy  E  , 
while  L   has  no  exact  physical  meaning,  though  it  is  close  to  and 
always  somewhat  less  than  the  theoretical  maximum  radius  of  the 
bubble.   The  choice  of  T  is  motivated  by  convenience. 

On  introducing  dimensionless  variables,  four  independent  para- 
meters appear,  namely: 
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i3.B)  X  =  A  pI'^  e--^  , 


y-l   O 


(3.6)  CT'=^ 


2o   ' 


(3.7)  V  =  ^ 


(3.8)  ti  =  ^  . 

Here,   Z  =  z  +  p  /pg  ,  is  the  hydrostatic  depth  ("head")  of  the 
explosion  center. 

In  a  scaled  experiment  the  values  of  x,  cf,  \jl,  and  v  r.iust 
be  preserved.  Using  (3.3)  in  (3-5),  and  assioming  A  =  0  ,  (see 
assiomption  1|,  Section  II)  one  can  show  that 

(3.9)  X  =  x(l  +  x)"Y  , 
where 

(3.10)  ^^pTTTT  • 

Here,   P   is  the  raaximun  pressure  of  the  bubble  which  depends  only 
on  the  type  of  explosive,  but  not  on  its  anount.   See  also  [7], 
p.  l\..      Using  the  sarae  notation. 


(3.11)  E  =  P^V^Cl  +  x)   . 
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Even  for  large  values  of  z   ,  the  internal  energy  of  the 
bubble  is  large  compared  to  its  potential  energy.   This  is  equivalent 
to  the  assumption  x  »  1  ,  whence  the  simplified  approximate 
formulae 


{3.9')  X-  y?---^  cC   Z^-l 


(3.10')  E  ~  P^V  X  =  e  W  , 


where  e   is  the  specific  energy  of  the  bubble. 

Formula  (3 '9)  shows  that  a  scaled  experiment  with  the  saine 
explosive  is  impossible.   On  the  other  hand,  it  is  possible  to  pro- 
duce scaled  experiments  with  different  types  of  explosives,  pro- 
vided that  the  pressure  above  the  free  surface  is  reduced.   Denote 

by  prime  the  quantities  referring  to  a  scaled  experiment.   Let 

f  t         t  I 

P  =  pP   ,8  =  qe  ,  p  =  rp  .   Then  the  choice:   p  =  pp   , 

f      -1       '      -1  »     k  -1  -3     . 

z  =  pr   z   ,  H  =  pr  H  ,   and  W  =  p^q  r  -'^W  will  preserve  the 

values  of  all  the  parameters,  while  X  =  pr"  L  ,   T  =  ^/pr"   T  . 

See  [5],  p.  11. 

IV.   Formulae  for  Bubble,  Migration,  and  Potential  Coefficients. 
We  define  ({)(r,9,t),   X(9,t),  b(t)   by 


(I;.l)      B(t)  =  Lb(|) 


(4.2)      R(e,t)  =  LX(0,  |) 

2„-lr:/t^  z 


(1^.3)      |(x,y,z,t)  =  LV-'[b(^)  I  +  <|)(~  ,  e,  |)] 


.•.1 


n' 


-8- 


One  shows  in  [3]  and  Ik)    that  ^,  X,  and  b,  can, 'on  droppinc  ^H   bars, 
be    represented  in  the  form: 

n=o     m=o 

CO 


ik.s)  b  =  |:   <5^b^(t) 

n=l 


_      _   nra    m 
n=o    m=o 


Here,   P  (cos  9)   is  the  m' th  Legendre  polynomial.   For  definition  of 
•j)"*'   see  [I]-],  Appendix  A. 

The  coefficients   a  ,  b   and  c are  defined,  depending 

nm   n        nm  »   x- 

on  the  case,  by  either  explicit  formulae,  or  integrals,  or  as  solu- 
tions of  ordinary  differential  equations.   To  list  them  it  is  con- 
venient to  Introduce  first  the  following  functions  and  notations: 


1)    The  function  a('T)   is  an  even  periodic  function  defined  for 

half  a  period  by  its  principal  inverse,   i:(a)   given  by 

a 

-cCa)  =  J      "^         ,   a<a<a   . 
a  y  x~-^-l-Hx-^Y 

Here  a  and  a  are  respectively  the  smallest  and  largest  roots  of 

1  -  x^  -  xx-^^Y-l)  =  0  . 
2)    f(x)  =  2-|j[log  r  (i^)  +  log  r  (^)]  -  I  tan  fS  ,  |x|  <  1 


(Cv 


■\'j 


'■  ft'-.J 


/   .'V-Y 


-9- 


3)    x  =  ^ 


^^     '^ool  =  -  (l^  +  v)"^(f(x)  +  log  2) 
•^012  =  -  (^^  +  v)'^f'(x) 
d  ..  =  -  (^  +  v)-^(i  f"(x)  +  i-  H   s"^)   . 


1^23  -    -    \V--r    V)       ^^  X  ^x;  -r  ^ 


s=l 


The  functions  f(x)   and  f  (x)   are  tabulated  in  [2],  p.  59  and  p, 


63,.   For  convenience,  wc  tabulate  here  again  f(x),  f  (x)  ,  and  In 


II 


addition  f  (x)  ,   for  0  <  x  <  1  .   For  negative  values  of  x, 
f(x)  =  -  f(-x),  f'(x)  =  f'(-x),   and  f  (x)  =  -  f'(-x).   See  Table 
1. 


5)    For  any  function  h(t),  we  use  the  notation, 

t 
h(t)  =  {    hC^jdn: 
o 

•5 
We  now  list  the  a's,  b's  and  c's  up  to  terms  in  6-^ 

Zero  order  terms. 

2* 
c   (t)  =  -  a  a 
00^ 

First  order  terms 

1     '^ 

lo     2  ool      col  lo 
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^11  ^  ° 


3 
°11=  -   ^ 


Second  order   terms 


r^ 


,2 


2o  2o  ool   2o    ' 


where 


ai;,  .  3aS'2„  .   ("a-  .  3y2(-^)^- W^r-lj- ^  =  b^  ,  K2   , 


'Y-J-  ^o  1/4- 


=  Tr[a(a)      +  2aaa  +   aa      ]    . 


'20  -  F 


^21  ^  ° 


ap2      satisfies 


aa22  +    -^b.^^-^.     "   ^^22  =   "  !  ^1    '         ^22^°^   =   ^22^°^   =   °    • 


^2  =   ^001^2  -^   ^012^2 


where 


•■■ii-.C 


-llr 


(a^p2^   =  2  ^^i^^a"^  +  a^a  -  a^a)  ,    ^^(0)   =  '^^{0)   =  0   , 
(a^P^)*  =  -  3a^(a^a)*  ,    p2(0)  =  ^^(0)  =  ^  • 


°21 


=  -  |(a3b2  +  3a^a;Lob^  +  d^i2^^a) 


1   2,  2    X 
Cpp   —  _  a  ^a  app/ 


Third  order  terms. 


a-,  =d  ,a-  +dT^a_+d-^,a^   , 
3o    ool  3o    ol2  3o    ool  3o   * 


where. 


'"■30  -  <l'"3o  =  -  l'<l''^  *  2a(f)  +  l,.a]a2„  -  i  b^ 


+  ^  bj(a"^aa  -  |)  +  s.'^b^^^  .   030(0)  =  <'3o<°* 


•  •  • 


a^Q  -  (f)tt^o  =  -  (2aa  +  a^)b^  +  aab^-  a^  -  ab^p^  > 


%(°)  =  ^3o(°)  =  ^  ' 


•^30  ^  "  T^  ^  3  ^^^^  "^  ^^  ^  "^  (^^^  "^  a^)(a)^  +  3a'^aa 

•"'"2   '"3. 
+  aaa  +  aa  ]  . 


^31  -  °  ' 


•  »  • 


i '   /  r  *•! 


iZ    -•    a'  ;■•    •!■    fJ^i.'. ) 
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^32  -  ^001^32  "^  ^012^32  "^  ^o23''32  ' 


where 


0.0.^^   +  3aa32  "  aa^^  =  "  ^(a^a)   ,   0^2(0)  =  ^32^°^  ^  °  * 


a-.^  satisfies 

•  •      ••       •  ••      T*n«  • 

aa^^  +  3aa33  -  ^^^2>3  ~  "   ^^1^^22  "^  "5  ^~  ^^22^'  Si^^{0)   =   a^^CO) 

b-  =  b-  +  d^  ,p,  +  d  ,d  ,„p'   , 

3    3    001*^3  ool  0I2  3 


where 


(a^b^)   =  -  3(a''b^a2Q)   +  6a"'a2Q  +  p^^i^22^    >   ^3(0)  =  b3(0)  ■ 
(a^p^)'  =  -3(P2^%o  "^  ^l^^lo  ^  ^l^%o^   ■*■  ^(^%o  "^  ^''lo^  ' 

(a3p^)*  =  -  3{^'^a.\^  +    (a^a^^)*)*  +  12a2i(a2a^^) '  , 

P^(0)  =  p^(0)  =  0  . 


c ;     r 


)  • 


-13- 


+  (^\o)*'^ol2^  • 


The  c's  are  needed  for  the  study  of  the  pressure  field  which  is  not 
discussed  in  this  paper,   c^p  and  c^^     were  not  computed  and  are 
of  no  interest. 


V.   Choice  of  Parameters  and  Computational  Procedure 

To  determine  the  values  of  units  and  parameters  for  the  cases 
discussed  in  this  report,  we  use  the  data  for  TNT  supplied  in  [1]  i 
These  are 

'  Y  =  1.25 

(5.1)      y  e  =  ^90  cal/g. 

X  =  .055  z'"'"    ,   Z   expressed  in  feet  . 

0  0 

To  determine  x  ,  one  uses  the  simplified  formula  (3 .9  )  instead  of 
(3 •9).   This  introduces  an  error  of  less  than  .2°/o  in  our  case. 
Using  (5.1 )  we  get  for  a  bubble  produced  by  300  lb.  TNT  fired  at  a 
depth  of  125  ft.  (158  ft.  head): 

E  =  2.79  X  lO"*-^  erg 

L  =  10.00  ft. 

T  =  .114.03  sec. 

X  =  .1957 

cr'=  .0633 
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For  a  bubble  in  infinite  vrater,  [i  =  co  ,    v  =  co ,  d^Q]_  -  ^^012 
=  d  p^  =  0  ,  and  the  only  quantities  needed  are:   a,  b^,  a^^,    ^^2   ' 
b-,  and  a-^  4   V/e  consider  also  the  case  when  the  effect  of  bo\indarie£ 
is  taken  into  account,  and  the  bottom  is  20  ft.  below  the  explosion 
center.   Then: 

\i   =  .791 

V  =  .1266 


and 


^001  =  2.i|3 

<lol2  =  -  1^-^^ 

d  ^,  =  61.8 
o23 


The  last  example  considered  is  that  with  (j,  =  co  ,  v  =  oo  , 
X  =  .1957   and  cf  =    .00125  .   This  corresponds  to  an  explosion  of 
1.05  grains  of  TNT  at  125  ft.   The  corresponding  units  are: 

E  =  2.15  X  lO-'-^  erg. 
L  =  2.37  in. 
T  =  .00277  sec. 


The  functions,  a,  a^^,  b^,  'a^^,  a^^,    P^,  P2'  ^30'    ^30  '    ^30  ' 

t      It  -^            t 

a^^   ,    a^p  ,  a-p  >    a^,  ,  b,,  p-,  and  p.   depend  on  x  ,  but  not  on 

the  other  parameters.  They  were  computed  for  a  single  value  of 


J.  ' 


at,    . 


X 


■a  '■■         ,+ 


:-\  -•  1 
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X  =  .1957  over  the  time  of  two  periods  of  a(t),  and  are  tabulated, 

•   ••   * 

together  with   a,  a,  b,   in  tables  2-6.   V/hile  this  computation 
presents  many  difficulties,  all  remaining  computations  involve  only 
the  operations  of  addition  and  multiplication,  and  can  be  completed 
in  a  relatively  shorter  time. 

The  difficulties  encountered  in  the  computations  may  be  traced 

to  the  following: 

1.  Q,uantities  with  a  given  subscript  depend  on  quantities 
with  lovrer  first  subscripts,  necessitating  a  very  accurate  computa- 
tion of  all  quantities  with  a  low  first  subscript.   In  particular, 
we  found  that  a( t)  ,  on  which  all  other  quantities  depend  sensi- 
tively, must  be  computed  accurately  to  8  decimals  in  order  to  get 
about  2  relevant  figures  in  the  computation,  of ,  say,   a-.-,  . 

2.  All  quantities  vary  very  rapidly  during  a  short  Interval 
near  the  time  of  minima  of  a(t)  ,  necessitating  frequent  changes 
of  intervals  in  any  finite  difference  scheme.   In  particular,  to 
compute   a(t)   we  had  to  start  with  an  interval  of  .OOOi].  at  the 
minimum  of  a  .   This  interval  has  been  progressively  increased  to 
the  value  .1  near  the  maximum  of  a  . 

3.  The  differential  equations  defining  these  quantities  are 
lins table  and  produce  results  which  are  either  growing  rapidly  or 
oscillating  rapidly,  and  in  v;hich  errors  become  soon  uncontrollable. 
For  a  study  of  these  instabilities,  see  [6]. 

The  fimction  a(a;)   v/as  computed  by  using  a  finite  difference 
scherae.   All  coefficients  defined  by  integrals,  naiuoly,   a   ,  b  , 


'.  ll 


)o 


.'l.!    !••))     r  l.J: 
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°-2o   '    ^2'    ^2   '    °-2>o   '    ^y    ^3  ^^®^®  computed  by  using  the  trapezoidal 
rule,  using  intervals  of  varying  length  which  will  be  discussed 
presently. 

The  coefficients   al  ,  a  .  a    a'    a    a'    n'    n 

^"20'  ^22'    "30'  ^^30'  °-2,2'      3,2'      32'    ^33      ^^'^ 

defined  as  solutions  of  non-homogeneous  linear  equations  of  second 
order.  All  these  equations  can  be  reduced  to  the  form 

•  • 

y(t)  +  g(t)y(t)  =  h(t)  . 

f'or  y(t),  where  g(t)   depends  only  on  a(t)   and  its  derivatives. 

(Of  course,  g(t)  and  f(t)  vary  from  equation  to  equation.)   Rather  thai 
use  a  finite  difference  scheme,  we  assumed  that  g(t)   is  piecewise 

constant  and  h(t)   piecewise  linear  during  short  time  intervals 
A  t  •   These  intervals  were  so  determined  that  in  the  worst  case 

|g(t)|(A  t)   <  .01  in  the  interval  under  consideration.   Since 
a(t)   is  computed  first,  all  the  g(t)   are  known,  and  therefore 
the  successive  intervals  can  be  determined  beforehand.   They  are 
then  used  in  the  computation  of  the  integrals,  as  mentioned  above. 
Since  all  the  g(t)   vary  rapidly  near  the  minima  of  a(t),  the 
intervals  ^t  change  widely.   We  found  that  A  t--. 0005  near 
the  minima  of  a(t)   and  it  increases  to  .1715  near  the  maxima  of 
a(t). 

X(G,t)  and  b(t)  are  obtained,  according  to  formulae  (1|.5,6) 
by  multiplying  the  bubble  coefficients  by  appropriate  factors  depend- 
ing on  (f,    ja,  and  v   and  adding. 
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VI.    Discussion  of  Results 

We  assurac  that  the  bubble  motion  is  adequately  described  by 
considering  only  terns  up  to  third  order  in  (f   .   Because  of  the 
structure  of  the  series  (ij..6),  the  equation  for  the  cross  section 
of  the  bubble  is  then  of  the  form 

(6.1)  X(e,t)  =  A  +  B  cos  9  +  C  cos  9  +  D  cos^9  . 

This,  of  course,  severely  limits  the  nximber  of  possible  shapes  that 
the  bubble  can  take  on  according  to  the  present  theory. 

Case  1;   Bubble  produced  by  exploding  300  lb.  TNT  at  156  head  in 
infinite  water. 

Figure  1  shows  the  computed  migration  of  the  bubble  up  to 
t  =  2.977  at  which  time  the  center  of  the  bubble  reaches  its  surface 
and  the  representation  for  the  potential,  equation  ([|..I|.)  becomes 
meaningless.   For  comparison,  we  traced  the  migration  predicted  by 
the  first  order  theory.   At  time  of  breakdown,  the  former  predicts 
b  =  .50  while  the  latter,   b  =  .87  ,  or  7^1-  /o  more.   Notice  that 
after   t  =  2.95  the  third  order  theory  predicts  a  dovmvjard  migration, 
which  is  rather  linexpected  and  indicates  that  those  results  cannot 
be  trusted  beyond  that  time.   At   t  =  2.95  ,  b  =  .53   according  to 
the  third  order  theory,  while  b  =  .77   according  to  the  first  order 

theory,  or  [|.5.5°/o  m.ore.   This  is  in  excellent  agreement  with  oxpori- 

2 
mcnts. 

According  to  Dr.  Arons,  the  Herring  rise  formula  predicts 
for  explosions  of  moderate  size,  a  migration  at  time  of  the  first 
secondary  pulse  about  50  /o  in  excess  of  the  observed  migration. 
Oral  communication. 
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ThG  bubble  takes  on  a  shape  In  accordance  with  the  qualita- 
tive description  in  [3].   Near  the  time  of  the  secondary  pulse  it 
first  flattens  and  then  becomes  kidney  shaped.  A  picture  of  the  moving 
bubble  is  shown  in  Figure  2.  We  note  that  at  the  time  of  breakdown, 
the  compression  factor  is  9.5  while  the  compression  factor  for  the 
spherical  bubble  is  (for  x  =  .1957)  about  575 • 

Case  2:   Bubble  produced  by  explodinp;  300  lb.  TNT  at  l58   head  in 
water  li;5  deep  (bottom  20  below  the  explosion  center). 

It  is  expected  that  in  this  case  the  attraction  of  the  bottom 
will  make  the  bubble  appear  almost  stationary.   This  is  exactly  what 
our  calculations  predict,  (see  Figure  3)»  At  the  end  of  the  period 
the  bottom  of  the  bubble  seems  even  to  move  downward.   It  is  then 
that  the  upward  pull  due  to  gravity  and  downward  pull  due  to  the 
proximity  of  the  bottom  result  in  an  elongation  of  the  bubble  in  the 
vertical  direction.  As  shown  in  Fig.  I4.,    these  opposing  forces  will 
eventually  result  ia  a  splitting  of  the  bubble  into  two  smaller  bubbles. 

Case  3;    Bubble  produced  by  exploding  1.05  g  TNT  at  158  head  in 
infinite  water. 

Fig.  5  shows  the  migration  of  the  center  of  gravity  for  two 
periods.   During  the  first  period  the  bubble  remains  practically 
spherical.  At  the  early  stages  of  second  expansion  there  is  a  flatten- 
ing of  the  lower  part  of  the  bubble  surface.   See  stages  2  and  3,  Fig.  i 
flowever,  at  the  time  of  the  full  expansion  the  bubble  is  again  almost 
spherical.   Subsequent  motion  is  similar  to  that  described  in  Case  1, 

and  the  motion  can  be  tracked  up  to   t  =  6,200. 

The  first  bubble  maximum  and  period,  as  given  by  the  present 
theory,  are  roughly  the  same  as  those  of  the  lowest  approximation,  which 
ire  tabulated  in  [2]. 
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Table 

5      1 

X 

f(x) 

f'(x) 

ir 

f    (x) 

0 

0                  1 

1.832 

0 

.05 

.092 

•  1.811.7 

.602 

.10 

.185 

1.892 

1.268 

.15 

.262 

1.970 

1.961 

.20 

.383 

2.09 

2.72 

.25 

.U91 

2.25 

3.65 

.30 

.603 

2.[|.6 

[!..90 

.3S 

.378 

2 .  Ih. 

6.52 

•  ho 

.88[i 

3.11 

8.1.17 

.U5 

1.050 

3.60 

11.23 

.    .50 

1.2i;6 

1|.26 

15.^5 

.ss 

I.LlSI 

5.17 

21.5 

.60 

1.769 

6.45 

I         30.8 

.65 

2.11. 

8.33 

[^6.8 

.70 

2.62 

11.25 

75.5 

.75 

3.29 

16.12 

130.5 

.80 

[L.30 

25.1 

2k9 

.85 

5.97 

kh-'S 

630 

.90 

9.30                , 

100.0 

2,560 

.95 

19.3 

ij.00 

31,000 

l.CO 

00 

CO 

00 

log  2  =    .692 

3    ^ 
16  ^z 

s=l 

3"^  =    .226 
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Table      2 


Bubble   coefficients 
t                                a 

for     H  =    .1957 

• 

a 

•• 

a 

0 

.19 

0 

861  .00 

.0005 

.19 

.45 

859.U0 

.0015 

.20 

1.25 

832.10 

.0025 

.20 

2.10 

776.00 

.0035 

.20 

2.79 

706.30 

.0050 

.20 

3.80 

571.20 

.0065 

.21 

k'Sh 

Ida .  30 

.0085 

.22 

\                5.26 

285.60 

.0105 

.22 

5.70 

165.68 

.0135 

.2k 

1                 6.00 

^-6.3i^ 

.0185 

.28 

5.98 

-Li.  0.09 

.0255 

.32 

5.57 

-66.85 

.0325 

.36 

5.10 

-63.90 

.  o[|.o5 

■  ko 

l:-.6L^ 

-Bh-2k. 

.01^95 

'hk 

^.19 

-^3.96 

.0595 

.kd 

3.80 

-35.31 

.0695 

.51 

3.if8 

-28.69 

•  .0795 

^BS 

3.22 

-23.91 

.0895 

.58 

3.00 

-20.17 

.iok5 

.62 

2.73 

-ie.13 

.1195 

.66 

2.51 

-13.25 

.1395 

.71 

2.28 

-10.53 

.1595 

.75 

2.09 

-   8.62 

.1795 

.79 

1.93 

-    7.22 

.2095 

.85 

1.73 

-   5.72 

.2395 

.90 

1.58 

-  U.70 

.2795 

.96 

1 .  La 

-  3.7i| 

.3295 

1.02 

1.25 

-  2.9i|- 

.3795 

1.08 

1.12 

-   2.[|.0 

.U395 

1.11.L 

.99 

-   1.96 

.5095 

1.21 

.86 

-   1.60 

.5095 

1.27 

.75 

-   1.33 

.6795 

1.33 

.ek 

-   1.11 

.7795 

1.39 

.53 

-      .95 

.8795 

l.kk 

.U5 

-      .8k 

.9795 

l.kQ 

.37 

-      .75 

1.0795 

1.52                 1 

.29 

-      .69 

1.1795 

1.5/'. 

.23 

-     .65 

1.2795     1 

1.56 

.16 

-      .62 

1.3795 

1.57 

.10 

-      .60 

1.5510 

1.58 

0 

-      .59 

a,    a   ,    £ 

md     a     are  periodj 

.c   v;ith  period  3-102 

10. 

a     and 

a       are   even  fund 

;ions,      a     is   odd. 
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Tablc 


Bubble 

coefflcle 

;nts 

for     X,  = 

.1957 

Hunbers   in  parentheses   are   exponents   of  1 

t 

"i 

» 

^10 

1   p; 

.1195 

.100 

(0] 

.1395 

.118 

1 

.1595 

1          .135 

1 

1 

.1795 

.153 

1 

.2095 

i          .179 

-    .106 

1 

.2395 

.206 

-    .118 

1 

.2795 

-  2U 

-    .131 

1 

.3295 

.289 

1 

-    .l/x7 

1 

.3795 

.337 

-    .160 

.1+395 

.395 

-  .175 

( 

.5095 

.115(0) 

.i;6i; 

1 

-    .188 

.5Q95 

.155 

.5i|6 

-    .200 

1 

.6795 

.208 

.6i;l 

-    .208 

.7795 

.278 

.752 

-    .211 

-   1.06 

.8795 

.359 

.868 

-    .208 

-   1.12 

.9795 

^hS2 

.991 

-    .196 

-   1.15 

1.0795 

.558 

1.12 

-    .180 

-   l.lil 

1.1795 

.677 

1.26 

-    .156 

-   1.10 

1.2795 

.810 

l.i^l 

-   .125 

-  1.03 

1.3795 

.959 

1.57 

-   .0865 

-      .91i|   1 

1.5510 

1.26 

1.89 

0 

-      .622 
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Table   3  (continued) 


a 


10 


1.7225 
1.8225 
1.9225 
2.0225 
2.1225 
2.2225 
2.Z22S 
2.k22S 
2.S12S 
2.S^2S 
2.6625 
2.122S 
2.112S 
2.8225 
2.8625 
2,8925 
2.9225 
^.^h2S 
2.9625 
2.9825 
2.9975 
3.0125 
3.0225 
3*03>2S 
3.01^25 
3.0525 
3.0615 
3.0695 
3.0765 

3.0835 
3.0885 
3.0915 
3.0935 
3.0955 
3.0970 

3.0985 
3.0995 
3.1005 
3.1015 
3.1020 


1.61 
1.65 
2.12 

2.[^2 

2.76 
3.11+ 
3.59 
[j-.ll 

i|.67 
5.26 

5.87 
6.51 
1.1k 
7.91 
8.tb 

9.3i| 

1.02   (1) 

1.08 

1.15 

1.25 

1.3i| 

1.53 

1.63 

1.76 

1.91 

2.10 

2.33 
2.60 

3.00 

3. ill 

2>.lk 
i|.00 
1+.29 

k.Sk 

i-.82 

5.01 
5.20 
5.i|0 
5.50 


2.26 

2.S2 

2.82 

3.18 

3.60 

i|.12 

1^.78 

5.65 

6.72 

8.02 

9.61 

1.15   (1) 

1.37 

1.69 

2.06 

2.i|6 

3.01 

3.52 

k'22 

5.21 

6.26 

1.11 

9.18 

1.11   (2) 

1.39 

1.80 

2.ij.0 

3.27 

6.82 

9.62 

1.20   (3) 

1.39 

1.59 

1.7ii- 

1.88 

1.9i| 

2.00 

2.02 

2.03 


.111+ 

.195 

.288 

.396 

.S22 

.667 

.838 
I.OU 
1.26 
1.50 
1.76 
2.03 
2.30 
2.6i| 
2.99 
3.30 
3.69 
U.Ol 
I+.39 
i+.86 
5.30 
5.84 
6.28 
6.79 

7.43 

8.20 

9.07 

9.96 

1.09 

1.17 

1.18 

1.12 

1.03 

8.91   (0) 

7.i|6 

5.i|8 

k'll 

2.kS 

.886 

0 


(1) 


-    .200 
.111 

'hlk 

.89)4- 
1.38 
1.93 

2.56 

3.30 

14..06 

ij..86 

5.67 

6.IJ.8 

1.21 

8.20 

9.10 

9.90 

1.08(1)1 

1.16 

1.25 

1.36 

l.it-^ 

1.57 
1.66 
1.78 
1.91 
2.09 
2.30 

2.85 
3.28 

3.73 
i|.09 
k.3>l 

k.io 

11.91 
S.21 
5.1+8 
5.69 
5.91 
6.02 


ibou:-tj.:f^:'iu)    r 


A  i    !    - 


Y. 

i 

V  . 


3.1025 
3.1035 

3.ioi|.5 
3.1055 
3.1070 
3.1085 
3.1105 
3.1125 
3.1155 
3.1205 
3.1275 
3.l3i4-5 
3.li|25 
3.1515 
3. 1615 
3.1715 
3. 1815 

3.1915 
3.2065 

3.2215 
3.2i|l5 
3.2615 
3.2815 
3.3115 
3.3i;l5 
3.3815 
3.i;3i5 
3.i|8l5 
3. 51^15 
3.6115 

3.6915 
3.7815 
3.6815 
3.9815 
i|.08i5 
I+.1815 
i+.28i5 
i^..38l5 

1^.6530 
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Table 

3    (continued) 

I           ^1 

^1 

^10       1 

P; 

5.61   (1)1 

2.02 

(3)    -    .886   (0) 

6.11;  (1) 

5.81 

2.00 

-2.i|5 

6.36 

6.00 

1.9k 

|-i|.ll 

6.57 

6.20 

1.88 

-5.i|8 

6.78 

6.i^7 

1.7i|. 

-7.1+6 

7.08 

6.72 

1.59 

-8.91 

7.35 

7.01 

1.39 

-1.03   (1) 

7.68 

7.27 

1.20 

-1.12 

7.96 

1        7.60 

9.62 

(2)    -1.18 

8.31 

8.01 

6.82 

-1.17 

8.76 

8. in 

i4..55 

-1.10 

9.20 

8.68 

3.27 

-1.00 

9.50 

8.91 

2.1^0 

-9.13  (0) 

9.7li 

9.10 

1.80 

-8.26 

9.95 

9.26 

1.39 

1-7.50 

1.01    (2) 

9.38 

1.11 

-6.88 

1.02 

9.1^8 

9.20 

(1)    -6.37 

1 .  Oil- 

9.57 

7.78 

-5.9i^ 

1.05 

1        9.67 

6.28 

-5./|2 

1.06 

9.76 

5.23 

-5.00 

1.07 

1        9.85 

i|.25 

-i|-.55 

1.08 

9.93 

3.55 

-I|.i8 

1,08 

1.00    (2) 

3.oi+ 

1-3.88 

1.09 

1.01 

2.1i9 

-3.52 

1.10 

1.01 

2.10 

1-3.22 

1.11 

1.02 

I.7I1 

-2.91 

1.11 

1.03 

l.i|3 

-2.60 

1        1.12 

l.Oii 

1.22 

-2.35 

1.13 

l.Oii 

l.Oij. 

-2.11 

1.13 

l.lll 

1.05 

8.9lf 

(0)  -1.88 

1.06 

7.81 

-1.66 

1.15 

1.06 

6.91^ 

-1.1|6 

1.15 

1.07 

6.29 

-1.26 

1.16 

1.08 

5.86 

-1.08 

1.16 

1.08 

5.59 

-    .916 

1.17 

1.09 

5.i;2 

-    .757 

1.17 

1        1.09 

S.35 

-    .601 

1.18 

1.10 

S.3k 

-  .ii45 

1.18 

1.10 

5. ill 

-   .267 

1.19 

1.11 

5.66 

•    0 
1 

1.20 

,:    i 
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Tabic      3    (continued) 


I          ^ 

I          "1 

I     k^QzkS 

1.12 

k^92kB 

1.13 

5.02i|5 

1.11+ 

,     5.i2l|.5 

l.li4- 

1      S.22kS 

1.15 

,     5.32ii5 

1.16 

1     ^.k2k5 

1.17 

S.S2kS 

1.13 

5.6ii|5 

1.19 

.     5.691^5 

1.21 

1     5.7645 

1.22 

5.82i|.5 

1.23 

1      5.87ii5 

1.21^ 

S.92hS 

1.26 

5.9611.5 

1.27 

5. -99115 

1.29 

6. 021^5 

1.30 

6.01^1^.5 

1.32 

1      6.'o6l4.5 

1.33 

6.081^.5 

1.35 

6.0995 

1.37 

6.111j.5 

1.39 

1      6.121|5 

l.,'A 

6.131|5 

1.1|3 

6.11|45 

l.l|5 

.     6.151^5 

l.i|8 

I      6.1635 

1.52 

6.1715 

1.57 

1      6.1785 

1.62 

6.1855 

1.70 

6.1905 

1.78 

6.1935 

1.85 

6.1955 

1.90 

6.1975 

1.96 

6.1990        1 

2.01 

6.2005 

2.06 

I      6.2015        1 

2.10 

6.2025 

2.11^ 

6.2035 

2.18 

6.2040 

2.20 

• 

!       ^10 

^\ 

\      6.10 

.315 

1.21 

6.1^6 

.515 

1.22 

6.91 

.733 

1.22 

7.1^.8 

.973 

1.23 

8.20 

1.21+ 

1.21]. 

9.12 

,    1.511- 

1.25 

1.03    (1) 

1      1.89 

1.27 

1.19 

2.29 

1.28 

1.1;0 

2.73 

1.30 

1.65 

3.20 

1.31 

1.96 

3.70 

1.32 

2.3I1 

il-. 22 

1.31+ 

2.78 

1+.76 

1.36 

3.h'^ 

S.h2 

1.37 

I+.15 

6.09 

1.39 

I1.93 

6.71 

1.1+0 

6.01^ 

7.1+8 

1.1+2 

7.06 

8.11 

l.l]i+ 

8.1+6 

8.86 

1.1+6 

1.01+   (2) 

9.80 

1.1+8 

1.25 

1.07   (1)1 

1.50 

1.55 

1.17 

1.52 

1.81+ 

1.26 

1.51+ 

2.22 

1.36 

1.56 

2.77 

1.1|9           1 

1.59 

3. 60 

I.6I1 

1.62 

I+.80 

1.82 

1.66 

6.55 

2.00 

1.71 

9.10 

2.19 

1.77 

1.36   (3) 

2.3I1 

1.66 

1.92 

2.36 

1.95 

2.1+0 

2.21^ 

2.02 

2.78 

2.06 

2.08 

3.18 

1.78 

2.11+ 

I      3.1+8 

1.1,'.9 

2.20 

3.76 

1.10 

2.26 

1      3.89 

8.22   (0) 

2.30 

l+.OO 

I+.9I 

2.3,k 

1+.05 

1+.77 

2.39 

lj..06 
1                          1 

0 

2.b,l 

i_ 
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b. 


1.7225 
1.8225 
1.9225 
2.0225 
2.1225 
2.222s 
2.3225 
2.1^.225 
2.5125 
2.5925 
2.6625 
2.7225 
2.7725 
2.8225 
2.8625 
2.8925 
2.9225 
2.91l2S 
2.9625 
2.9825 
2.9975 
3.0125 
3.0225 
3.0325 
3.OI4-25 
3.0525 
3.O615 

3.0695 
3.0765 
3.0835 
3.088'^ 

3.0915 
3.0935 
3.0955 
3.0970 

3.0985 
3.0995 
3.1005 
3.1015 
3.1020 


1.08  (1) 

1.70 

2.61 

3.95 

5.86 

8.50 

1.20  (2) 

1.76 

2.i|9 

3.3k 

li.t7 

5.99 

7.9i^. 

1.10  (3) 

1.1^.5 

1.20 

3.37 

ii.67 

6.89 

1.06  ik) 

1.70 

2.85 

5.62 

1.03  (5) 

l.S^6 
2.11 

2.94 
3.79 
k'93 
5.86 
6.9i^ 
3.18 
8.87 


^20 

I          '22 

1          ""33 

0 

1 

-  1.02 

-  1.35 

-  1.78 

-  2,3k 

-  3.08 

1     

0 

1.20 

-  U.07 

1.19    (1) 

1.55 

-  5.^0 

1.83 

2.03 

-  7.25 

2.87 

2.62 

-   9.60 

k.kl 

3>3k 

-  1.25(1) 

6.63 

k'19 

-   1.61 

9 .  7k 

5.18 

-   2.03 

I'kO   (2) 

6.28 

-   2.52 

1.95 

7.80 

-   3.19 

2.82 

9./|7 

-   3.95 

3.95 

1.12    (1) 

-   i!..72 

5.23 

1.34 

-   5.78 

7.21 

i.Sk 

-   6.73 

9.17 

1.80 

-    7.97 

1.20    (3) 

2.11). 

-  9.66 

I.6I1. 

2.I;.9 

-   I.lki2)\ 

2. Ill 

2.96 

-   1.38 

2.92 

3.37 

-   1.60 

3.72 

3.91 

-   1.89 

lL.83 

1|.6I|. 

-   2.29 

6.72 

5.66 

-   2,88 

9.86 

7.  Oil 

-   3.73 

1.52   (li) 

8.90 

-  k.96 

2.1(.6 

l.lii    (2) 

-   6.82 

lr.23 

1.55 

-  1.0l+(3) 

8.71; 

2.02 

-  1.52 

1.70   (5) 

2.  ill 

-   2.02 

2.73 

2.71 

-   2.1^8 

3.88 

3.01^ 

-   3.11 

5.65 

3.30 

-   3.72 

7.59 

3.SS 

-  k'k9 

1.03   (6) 

3.70 

-  5.08 

1.27 

3.^3 

-  5.77 

1.56 

3. 91; 

-   6.53 

1.92 

3.98 

-   6.91; 

2.12 

Bubble  Coefficients  for   x  =  .1957 
Numbers  in  parentheses  arc  exponents  of  10 
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Tablo  U   (continued) 


1    ' 

^20 

'^22 

^33 

3.1025 

-   9.60    (5) 

I+..02   (2) 

-   7.37 

(3) 

2.31+  (6) 

3.1035 

-   1.12   (6) 

1+.07 

-8.29 

2.81+ 

3.l0li.5 

-1.29 

1+.07 

-  9.25 

3.1+0 

3.1055 

-  1.1+7 

4.06 

-   1.03 

('+) 

J+.OI+ 

3.1070 

-  1.75 

3.98 

-  1.18 

5.08 

3.10G5 

-   2. Oil 

3.90 

-   1.31+ 

6.20 

1     3.1105 

-   2.1+1 

3.69 

-   1.51+ 

7.77             1 

3.1125 

-    2.76 

3.1+6 

-  1.72 

9.31 

3.1155 

-   3.21 

3.12 

-  1.96 

1.15   (7) 

.     3.1205 

-   3.82 

2.6i|. 

-  2.26 

1.1+1|^ 

1     3.1275 

-  i+.l+o        I 

2.11+ 

-  2.^5 

1.73           1 

.     3.13i|-5 

-    li.79 

1.80 

-  2.73 

1.92 

1     3.11+25 

-   5.10 

1.52 

-   2.86 

2.0)+ 

,     3.1515 

-   5.31+ 

1.30 

-   2.9l^ 

2.11 

1     3. 1615 

-   5.53 

1.12 

-   2.98 

2.13        ! 

.     3. -1715 

-   5.66 

9.90    (1) 

-   2.98 

2.10 

1     3.1815 

-    5.77 

8.87 

-   2.96 

2.06             1 

3.1915 

-  5.85 

8.03 

-   2.91+ 

2.00 

3:2065 

-  5.91+ 

7.06 

-  2.88 

1.91 

3.2215 

-  6.01 

6.30 

-   2.82 

1.80 

3.21+15 

-6.08 

^.S2 

-   2.72 

1.66 

,     3.2615 

-   6.11^ 

1+.91 

-   2.63 

1.52 

1     3.2815 

-   6.17 

1+.1+3 

-   2.53 

1.39            1 

3.3115 

-   6.22 

3.86 

-   2.1+0 

1.21 

3.3i+l5 

-   6.25 

3.1+2 

-   2.26 

1.01+ 

,     3.3815 

-6.28 

2.98 

-   2.10 

8.1+1   (6) 

1     3.I1315 

-   6.32 

2.58 

-   1.91 

6.22 

3.1+815 

-  6.3); 

2.29 

-  1.73 

I+.3I 

1     3.51+15 

-  6.35 

2.01+ 

-  1.51+ 

2.31             1 

3. 6115 

-  6.37 

1.36 

-  1.35 

2.91   (5) 

1      3.6915 

-  6.38 

1.71+ 

-  l.llj. 

-  1.68   (6)    I 

3.7815 

-  6.39 

1.71 

-  9.1+0 

(3) 

-  3.S7 

3.3815 

-   6.i|0 

1.76 

-   7.36 

-  S.3>k 

3.9815 

-   6.1+0 

1.90 

-   5.1+9 

-  6.85 

I4..0815 

-   6.U1 

2.11 

-   3.75 

1-  Q,lk 

I+.I815 

-   6.1+1 

2.39 

-    2.12 

-  9.26 

I+.2815 

-  6. Ill 

2.73 

-  5.76 

(2) 

i-  1.02   (7) 

I+.3815 

-  6.;|i 

3.11+ 

•  9.05 

-    1.10 

I+.I+-815 

-  6.IA 

3.62 

2.31+ 

(3) 

-  1.13           I 

i+..6530 

-  6.)n 

i+.63 

I+.71 

-  1.28 
1 
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^ 

^ablo     1+   (continued) 

1     t 

"3 

^'^20 

a22 

^33 

1     if.82I^5 

-   6.1+0 

5.89 

7.03 

-  1.35    i 

k-92h^ 

-  6.39 

6.77 

8.37 

- 1.38 

S.02hS 

-   6.39 

7.78 

9.72 

-  1.39    1 

5.121+5 

-  6.38 

8.95 

1.11    {h) 

-  i.i;0 

^.221;$ 

-  6.37 

1.03   (2) 

1.25 

-  i.liO          1 

,     B.32hB 

-  6.35 

1.19 

1.39 

-  1.37 

S.k2hS 

-   6.33 

1.36            i 

I.5I1 

-  1.33 

,     5.52[!.5 

-  6.31 

1.61 

1.69 

-  1.27 

5.6i:i5 

-   6.28 

1.87 

1.82 

-  1.19 

.     5.691^5 

-6.25 

2.15 

1.95 

-  1.08 

5.76ii5 

-6.21 

2.1+6 

2.06 

-  9.60   (6) 

5.82l:.5 

-   6.16 

2.80 

2.17 

-  8.21 

5.87i^5 

-  6.12 

3.15 

2.2S 

-    6.71+ 

5.921.5 

-   6.05 

3.59 

2.33 

-  1;.87 

5.96k5 

-   5.99 

ii.o5 

2.39 

-   2.97 

5.99li5 

-   5.92 

1+.I1.8 

2.kk 

-1.22 

1       6.0214-5 

-   5.83 

5.02 

2,14.1 

8.93   (5) 

6.G/|li5 

-  5.76 

^dvt 

2.1+8 

2.57   (6)    , 

1      6.06i|5 

-  5.67 

6.01 

2.1+8 

ii..53            1 

6.081+5 

-  S^S^ 

6.70 

2.1+6 

6.81!. 

6.0995 

-  5.1t4 

7.35 

2.Lil\. 

e.86 

6.111+5 

-  5.31 

8.17 

2.38 

1.12   (7) 

6.121+5 

-  5.19 

8.85 

2.32 

1.30 

6.13^5 

-  5.05 

9.68 

2.21^ 

1.50 

1      6.11+1+5 

-  1+.86 

1.07   (3) 

2.13 

1.73 

6.1514-5 

-  I1..63 

1.20 

1.96 

1.99 

,                         1 

1      6.1635 

-  I1-.36 

1.36 

1.71^ 

2.26             I 

6.1715 

-  I+.08 

1.5a. 

1.1^3 

2.57 

1      6.1785 

-  3.80 

1.75 

l.Ol!. 

2.93 

6.1855 

-  3>ko 

2.00 

l:-.20   (3) 

3.ii5 

1      6.1905 

-  3.1i3 

2.19 

-  2.80 

li..07 

6.1935 

-  3.92 

2.28 

-  8.79 

I4-.65 

1      6.1955 

-  kSS 

2.29 

-  1.39   (1;.) 

5.20 

6.1975 

-  5.60 

2.25 

-    2.01 

5.96 

1      6.1990 

-  6.75 

2.10 

-    2.57 

6.71 

6.2005 

-  8.33 

2.06 

-    3.22 

7.71 

6.2015 

-  9.61+ 

1.94 

1-    3.71 

1      6.52 

6.2025 

-  1.12   (7) 

1.81 

-   i|.2l+ 

9.50 

1      6.2035 

-  1.30 

1.66 

-   i|..82 

1.06   (8) 

6 .  20i+0 

-  1.1+9 

1.57 
1 

r  '•'' 

1.12 

1              1 
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Tabl-: 

V 

1    ^ 

1       ^20 

^30 

1          ^30 

It 

1          ^30 

1        "^32 

1.7225 

0 

0 

0 

0 

0 

1.6225 

\y 

1.9225 

1 

1 

2.0225 

-  1.07 

I 

1 

1      2.1225 

-  1.3i| 

1 

2.2225 

-  1.65 

1      2.3225 

-  2.05 

1 

2.k22B 

-   2.SS 

1.53   (1) 

2.^125 

-   3. 16 

2.5.'l 

2,5^^2$ 

-   3.68 

-  1.18 

(1) 

U.ll 

2.6625 

-  i|..75 

-  1.65 

1.25 

(1) 

6.ii6 

2.7225 

-  5.78 

-   2.29 

1.68 

9.88 

1      2.7725 

-  6.98 

-   3.12 

2.26 

l.i|.6    (2) 

,      2.6225 

-  6.71 

-  i|..,i+6 

3 '2k 

2.26 

1      2.6625 

-  1.07(1) 

-   6.20 

1.07  (1) 

i+.58 

3.36 

2.8925 

-  1.29 

-   6.25 

1.37 

6.20 

i|.69 

1      2.922$ 

-  1.59 

-   l.llj. 

(2) 

1.78 

9.68 

6.'^ 

2.9I1.25 

-  1.88 

-  I.i4.7 

2.15 

1.17 

(2) 

9.09 

i      2.9625 

-   2.26 

-  1.9i| 

2.63 

1.60 

1.25  (3) 

2.9Q2S 

-   2.81 

-   2.68 

3.29 

2.28 

1.60 

1      2.9975 

-   3.38 

-  3.SS 

3.95 

3.10 

2.1 18 

.      3.0125 

-  k'lQ 

-  i|.90 

1^.86 

k-'37 

3.56 

1      3.0225 

-   k-92 

-  6.25 

5.68 

5.68 

/^.72 

3.0325 

-   5.86 

-  8.23 

6.71^ 

7.);5 

6.1^7 

1      3'0k.2S 

-   7.16 

-  1.13 

(3) 

6.19 

1.00 

(3) 

9.36 

3*oB2B 

-  8.86 

-   1.62 

1.03   (2) 

1.3^!- 

1.^5  ik) 

3.0 615 

-   1.09(2) 

-   2.39 

1.31          I 

I.6I1 

2.35 

3.0695 

-   1.28 

-   3.56 

1.70 

l.)-2 

3.98 

3.0765 

-  1.3U 

-  5.28 

2.23 

-  7.5i+ 

(2) 

7.07 

3.0635 

-  8.27(1) 

-   7.9i| 

3.11 

-  1.13 

ik) 

1.55  (5) 

3.0685 

8.36 

-  9.82 

k'lk 

-  3.60 

2.85 

3.0915 

3.1ii-(?) 

-  9.kh 

5.00 

-  6.]i9 

'+.30 

1     3.0935 

5.k$ 

-    7.20 

5.69 

-   8.8I1. 

B.Ik 

3.0955 

8.I1.5 

-  1.97 

6.M+ 

-  1.09 

(5) 

7.70 

3.0970 

1.10(3) 

k.lk 

7.0/1 

-  l.li^ 

9.56 

3.0985 

1.36 

l.b3 

ik) 

7.6U 

-   1.02 

1.18    (6) 

1     3.0995 

l.t|.9 

2.20 

8.00 

-   8.37 

(/j) 

1.33 

3.1005 

1.60 

3.06 

8.33 

-   5.38 

1.^0 

1     3.1015 

1.66 

3'9k 

8.60 

-   2.09 

1.66 

3.1020 

1.66 

k'39 

8.72 

-  1.U5 

(3) 

1.73 

Bubble  Coefficients  for  x  =  .1957 

Niimbers  in  parentheses  arc  exponents  of  10. 
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Tablc      5    (continued) 


1    t 

^20 

^30           1 

4o 

It 

^0 

1 

^2 

3.1025 

1.66 

(3) 

1+.82    {k) 

8.82(2:}  1 

1.80 

ih) 

1.81   (6) 

3.1035 

1.60 

s.si 

8.96 

5.10 

1.9lf 

3. 101 1-5 

1.50 

6. 111. 

9.02 

8.11 

2.01+ 

3.1055 

1.36 

6.52 

9.02 

9,96 

2.12 

3.1070 

1.10 

6.67 

8.88 

1.12 

(5) 

2.17 

3.1085 

6.5i+ 

(2) 

6.36 

8.65 

1.07 

2.15 

3.1105 

S^S-6 

S^hk           1 

8.2i|. 

8.76 

(If) 

2.05 

3.1125 

3 .  21-1 

i|.13 

7.77 

6.1+lf 

1.88 

3.1155 

9.i|8 

(1) 

1.98 

7.01}. 

3.59 

1.58 

3.1205 

-   7.17 

-  1.23 

6.00 

1.11+ 

1.10 

3.1275 

-   1.2i| 

(2) 

-   2.50 

ij..90 

9.59 

(2) 

5.99   (5) 

3.131^5 

-   1.13 

-  k.96 

k^lk 

-   1.21+ 

(3) 

2.72 

3.1425 

-    1.00 

-   6.90            i 

3.52 

-  1.1+8 

2.90 

3.1515 

-  6.07 

(1) 

-  8.1^2 

3.01 

-   1.22 

-  i.i+9  (5) 

3. 1615 

-  h.kk 

-  9.66 

2.60 

-   9.05 

(2) 

-   2.77 

3.1715 

-  5.19 

-  1.06  (5) 

2.28 

-   6.63 

-   3.61+ 

3.1315 

-  ij..29 

-   1.13 

2.01^ 

-   1^.99 

-  If.  25 

3.1-915 

-  Z.S^ 

-  1.19 

1.8i4. 

-   3.80 

-  J+.70 

3.2065 

-   2.83 

1 

-  1.27 

1.60 

-    2.61; 

-  5.17 

3.2215 

-   2.29 

-  1.33 

1.1+2 

-   1,89 

-  5.1+9 

3.2i|l5 

-   1.78 

-  I.I4.0 

1.22 

-   1.28 

-  5.77 

3.2615 

-  l.lf-3 

-  1.^6 

1.06 

-   9.08 

(^^    , 

-  5.91+ 

3.2315 

-  1.18 

-  1.52 

9.30(1) 

-   6.66 

1 

-   6.05 

3.3115 

-  9.07 

(0) 

-  1.53 

7.72 

-   l+.l+O 

-  6.13 

I      3.3^15 

-   7.23 

-   1.65 

6.411. 

-   3.06 

-   6.16 

3.3315 

-  ^^.Sk 

-  1.72 

5.03 

-   1.99 

-   6.II1. 

3.i]-31^ 

-  ['..13 

-  1.80 

3.73 

-   1.23 

-    6.09 

3.U815 

-  3.28 

-  1.38 

2.67 

-  8.03 

(0) 

-   5.95 

1     3.5'ii5 

-   2.53 

-  1.96 

1.66 

-  )+.98 

-   5.80 

3. 6115 

-  2.06 

-   2.06 

7.i}.8(0) 

-  2.83 

-   5.60 

3.6915 

-  1.69 

-   2.16 

-     1.25(-1) 

-  1.35 

-   5.36 

3.7815 

-  l./|6 

-2.26 

-     5.88(0) 

-   2.67 

(-1) 

-   5.10 

1     3. 8815 

-   1.35 

-    2.38 

-     9.38 

5.79 

-  i|..80 

3.9815 

-  1.33 

-   2.[|9 

-      1.01(1) 

1.25 

(0) 

-  L.51 

1^.0815 

-   1.38 

-   2.60 

-      8.38(0) 

1.85 

-   1+.22 

ij..l3l5 

-  1.1|8 

-   2.72 

-     U.I7 

,      2. .43 

-   3.91+ 

if.  2815 

-  1.63 

1-    2.33 

2.1+7 

I      3.03 

-   3.67 

iL.3815 

-   1.62 

-   2.95 

1.15(1) 

3.67 

-   3.39 

1     k.I..3i5 

-   2.06 

-   3.08 

1       2.32 

i+.37 

-   3.12 

i|.6530 

-   2.1+6 

-   3.30 

1+.95 

5.78 

-   2.61+ 

30^ 


Tabic      5 

(continii.cd) 

1    '     I 

^20 

^0 

! 

^30        1 

^0 

^32 

Il..82k5 

-   3.21 

-  3.56 

o.ii.9 

7.59 

-    2. III. 

I+.92I1.5 

-3.68 

-  3.72 

1.10    (2) 

8.91 

-  1.8/+ 

5.02[;5 

-  i|.23 

-  3.91 

1 .  ko 

1.05 

(1) 

-  1^3 

5.12i.:.5 

-  1^..88 

-  i|.ll 

1.75 

1.25 

-1.20 

5.221^-5 

-  5.67 

-  k'3k 

2.15 

1.52 

-  8.i|6   {h) 

B.3'-'hS 

-  6.65 

-  i|.6l 

2.62 

1.87 

-  I^.69 

B>k^-h^ 

-  7.88 

-  i|.91 

3.19 

2.36 

-  5.95   (3) 

5.52k5 

-  9.53 

-  5.29 

3.88 

3.11 

3.91+  (1+) 

1     5.6iij.5 

-  1.15  (1) 

-   5.70 

'i.63          1 

i+.l7 

1 

8.51+ 

5.691|5 

-    1.^4-0 

-   6.15 

5.if6 

5.70 

1.32  (5) 

5.76i+5 

-    1.72 

-   6.65 

1 

6.36 

7.92 

1 

1.78 

5.82.1|5 

-   2.09 

-   7.19 

7.32 

1.10 

(2) 

2.2lj. 

5.871^5 

-   2.$k 

-  7.71+ 

8.30 

1.53 

2.68 

S^92l,^ 

-   3.19 

-  8.45 

9.51+ 

2.38 

3.19 

5.961).5 

-   3.96 

-  9.18 

1.08   (3) 

3.27 

1 

3.70 

5.99k5 

-  1^.78 

-  9.86 

1.20 

ii-.5o 

1 

I+.15 

6.02i|.5 

-  5.97 

-  1.07 

(6) 

1.35 

^.S^ 

1 

i;.7l 

6.0i|J!5 

-   7.08 

-  l.lli- 

l.l!7 

6.72 

5.17 

1       6.CK:1;5 

-  8.59 

-1.23 

1 

1.62 

1.20 

(3) 

5.7i| 

6.081^5 

-   1.07    (2) 

-  1.3^^ 

l.oO 

1.7/+ 

6.1J-9 

6.0995 

-   1.30 

-  i.Ui- 

1.98 

2.37 

7.25 

6.11II.5 

-1.61 

-  1.^6 

2.19 

3.37 

8.28 

I      6.12I;5 

-   1.90 

-  1.66 

2.38 

i|.39 

9.23 

6.131,5 

-    2.28 

-  1.78 

2.59 

5.73 

1.05   (6) 

1    e,ikkS 

-   2.79 

1-  1.93 

2.86 

7.82 

1.23 

6.i5k5 

-  3.U6 

-  2.12 

3.21 

1.05 

(1+) 

1.50 

6.1635 

-  U.26 

-   2.32 

3.62 

1.28 

1.90 

6.1715 

-   5.02 

-    2.^1]. 

I1..O8 

1.10 

2.50 

1      6.1785 

-  5.25 

-   2.7k 

^^.59 

6.1+6 

(3) 

3.1+0 

6.1055 

-   3.20 

-  2.87 

5.19 

9.01+ 

5.12 

6.1905 

3.^6 

-   2.77 

5. 61 

2.88 

(ll) 

7.65 

6.1935 

1.26   (3) 

-  2.i|9 

5.71^ 

5.18 

(5) 

9.88 

6.1955 

2.19 

1-   2.15 

5.71 

7.05 

1.19   (7) 

6.1975 

3.39 

-   1.62 

5.53 

8.67 

1.1+1+ 

1      6.1990 

1      i^.39 

1-   1.10 

1      5.26 

i      9.09 

1.66 

6.2005 

5.10^ 

-  1^^.65 

(5) 

I(..66 

8.10 

1.91 

6.2015 

5.97 

1.63 

(3) 

1-^51 

e.tk 

1      2.09 

6.2025 

6.,'il 

14..86 

(5) 

U.ii 

h'2S 

2.26 

6.2035 

6.62 

1      9.66 

3.66 

1      1.62 

2.1^3 

6.20I4.O 
I 

6.66 
1 

1.21 

(6) 

3.i|2 
1 

5.80 
I 

(3) 

2.50 

(V)    v'i 


?x 

' 

/.\ 

;i     i 

V.i. 

'!'/ 

y  r- 

c/^ 

V      1 

1  . 


/    ■ 


•;..■■•-!. 
■"  '<-  r 


-31- 


Tablo   6 


1    t 

^2 

^2 

^2 

P3 

P3 

1     1.7225 

0 

0 

0 

0 

0 

1.8225 

1      1.9225 

2.0225 

2.1225 

-   1.18 

(0) 

.1 ' .  '.' 

2.2225 

-  1.67 

1      2.3225 

-   1.12 

(1) 

-   2.37 

2.i|225 

-  1.58 

-•3.U 

1.02 

(1) 

-   1.21    (1) 

1      2.5125 

-    2.11 

-  i;.8l 

1.59 

-  i.i^a 

2.5925 

-    2.79 

1.13 

(1) 

-   6.67 

2.1J.6 

-1.79 

2.6625 

-  3.63 

1.27 

-  9.09 

3.75 

-   2.16 

2.7225 

-  1J..63 

1.39 

-1.22 

(1) 

5.63 

-   2.59 

2.7725 

-  5.77 

1.50 

-  1.56 

6.2k 

-   3.09 

2. 8225 

-  7.35 

1.61 

-   2.1U 

1.28 

(2) 

-    3.80 

I      2.6625 

-  9.12 

1.70 

-   2.80 

1.91 

-    I1-.62 

2.3925 

-   1.09 

(2) 

1.77 

-   3.51 

2.70 

-  >./i9 

j      2.9225 

-   1.33 

1.8/1 

-  k^9i 

/|.01 

-   6,71 

2.9)-|-25 

-   1.55 

1.89 

-  5.50 

B.ko 

-   7.83 

2-.  9625 

-   1.33 

1.93 

V  6.82 

7.59 

-   9.36 

2.9325 

-    2.22 

1.96 

-  8.72 

1.12 

(3) 

-   1.15    (2) 

2.9975 

-    2.61 

1.99 

-  1.08 

(2) 

1.58 

-   1.38 

3.0125 

-   3.16 

2.00 

-  1.37 

2.33 

-   1.72 

3.0225 

-   3.61^ 

2.00 

-  1.611. 

3.13 

-    2.02 

.      3.0325 

-  I4..29 

2.00 

-2.02 

i(-.38 

-  2.kh 

1      3.0:^25 

-   5.19 

1.96 

-    2.56 

6.b.7 

-  3.05 

3.0525 

-   6.51 

1.91 

-   3.39 

1.02 

ik) 

-  3.97 

3. 0615 

-  8.38 

1.81]. 

-  I;. 59 

1.67 

-  5.29 

3.0695 

-1.11 

(3) 

1,72 

-  6.35 

2.81 

-7.23 

3.0765 

-   1.52 

1.56 

-  8.95 

i|.79 

-  1.01  (3) 

3.0835 

-2.30 

102 

-  1.36 

(3) 

8.83 

-  1.52 

3.0885 

-   3.39 

1.07 

-   1.91 

1.37 

(5) 

-    2.12 

3.0915 

••  4. .^7 

S.57 

(0) 

-   2.37 

1.72 

-   2.6/+ 

3.0935 

-  5.I1.9 

6.89 

-   2.73 

1.91 

-   3.0/+ 

3.0955 

-  6.88 

/|..97 

-  3.12 

1.96 

-  3./+7 

3.0970 

-  8.20 

3.37 

-  3.ij-0 

1.82 

-   3.80 

3.0985 

-  9.80 

1.C6 

-  3.66 

l.i|9 

-  /1.08 

1      3.0995 

-   1.12 

('!) 

i|..5o 

(-1) 

-  3.79 

1.1/1 

-  k'23 

3.1005 

-1.27 

-   7.92 

(-1) 

-  3.88 

7.08 

ik) 

-  k.3k 

3.1015 

-  1.1:3 

-    2.06 

(0) 

--3.93 

2.1/4 

-  k'ko 

3.1020 

-  1.52 

-   2.70 

-■3.93 

-   k'k2 

(3) 

-  k.l\l 

Bubble  Coefficients  for  x  =  .1957 
Nurnbers  In  parentheses  arc  exponents  of  10 


-32- 


TaMo      6    (continued) 
II 


a 


32 


a 


32 


^ 


3.1025 

3.1035 

3.ioi;5 

3.1055 

3.1070 

3.1085 

3.1105 

3.1125 

3.1155 

3.1205 

3.1275 

3.1311.5 

3.1i;25 

3.1515 

3. 1615 

3.1715 

3.1815 

3.1915 

3.2065 

3.2215 

3.2I1I5 

3. 2615 

3.2815 

3.3115 

3.31il5 

3.3815 

3. 1^315 

3.1+315 

3.51A5 

3. 6115 

3.6915 

3.7815 

3.8815 

3.9815 

1^0815 

i|.l8l5 

i|.28l5 

if. 3315 

U.i+8l5 

i|.6530 


1.62    ik) 

1.62 

2.03 

2.26 

2.60 

2.9i|- 

3.38 

3.78 

I+.30 

i|.96 

5.60 

6.00 

6.28 

6.1+5 

6.51+ 

6.56 

6.55 

6.50 

6.1+0 

6.27 

6.08 

5.88 

5.68 

5.39 

5.10 

i,'.75 

k.33 

3.92 

3.51 

3.08 

2.6I1 

2.19 

1.1k 

1.33 

9.48   (3) 

c;.38 

2.II-6 

8.2i|    (2) 

[f.OO 

9.28 


(1) 


(3) 


-3.35  (0) 

-5.92 

-7.19 
-9.01 
-1.07 
-1.28 
-1.1^7 
-1.70 
-1.98 
-2.22 
-2.38 
-2.I1.8 
-2.$L 
-2.56 
-2.56 

-2.5ii 

-2.51 

-2.1I6 

-2.i+0 
-2.15 

-2.16 
-2. Oil- 
-1.93 
-1.80 
-1.6i| 

-1.51 
-1.36 
-1.21 
-1.06 
-9.05  (0) 

-7.51 
-6.09 
-[;.71 
-3.35 
-1.97 
-S.kk  ( 
9.39  ( 


1) 
1) 


(2) 


3.92   (3) 

3.87 

3.76 

3.62 

3.35 

3.05 

2.65 

2.27 

1.79 

1.22 

7.33    (2) 

k.Sl 

2.67 

1.36 

I1..39   (1) 

1.77   (1) 

6.II4. 

9.38 

1.30 

1.55 

1.80 

1.98 

2.11 

2.26 

2.38 

2.I1.9 

2.59 

2.67 

2.71^ 

2.80 

2.86 

2.91 

2.95 

2.99 

3.02 

3.01+ 

3-07 

3.09 

3.10 


3.67   (0) 


3.13 


3.02   (i|) 

1.9k 

1.22   (5) 

1.56 

1.89 

2.01 

1.9/4- 

1.73 

1.36 

Q.k9  ik) 

k-23 

2.12 

8.91   (3) 

1.80   (3) 

2.1+0 

I4-.77 

6.22 

7.17 

8.08 

8.65 

9.12 

9.1+1 

9.60 

9.80 

9.92 

1.00   ik) 

1.01 

1.02 

1.02 

1.02 

1.02 

1.03 
1.03 
1.03 
1.03 
1.03 
1.03 
1.03 
1.03 
1.03 


l+.l+O    (3) 

k.3k 
1+.21+ 

li.oo 
3.81 
3.i;9 
3.06 

2.65 
2.15 

l.5i^ 
1.0I+ 

7.53    (2) 

5.61 

I1..3O 

3.39 

2.80 

2.38 

2.08 

1.75 

1.52 

1.31 

1.16 
1.05 
9.30 
8.1.6 
7.67 
7.00 
6.59 
6.16 

5.85 
5.67 
^.kS 
S.3S 
5.30 
5.21+ 
5.32 
5.38 
5.1+6 
5.57 
5.82 


(1) 


^!L- 


'>N.r  I 


-.J 


-33- 


Table      6    ( contlrmcd) 


1    t       I 

^32 

tr 

'^32 

h 

P3 

1 

p; 

U.82i+5 

1.V+ 

(1+) 

6.70 

3.15 

1.03 

-  6.15 

,    h'92k'S 

1.71+ 

8.62 

3.16 

i-03 

-  6.39 

5^.02.1+5 

2.05 

1.07 

(1) 

3.16 

1,03 

-   6.67 

5.l2kS 

2.36 

1.29 

3.17 

1.03 

-  6.99 

5.221^5 

2.67 

1.52 

3.17 

1.03 

-   7.38 

.  5.32i|5 

2.99 

1.77 

3.17 

i.oi+ 

-  7.66 

5.i^2i4.5 

3.31 

2.01+ 

3.15 

i.oti- 

-  8.i+6 

5.52k^ 

3.60 

2.32 

3.12 

1.01+ 

-  9.^1+ 

1  5.611|5 

3.97 

2.59 

3.08 

1.01+ 

-   1.02   (2) 

5.69i|.5 

i+.26 

2.81+ 

3.02 

1.05 

-   1.13 

5.761^5 

i+.52 

3.06 

2.93 

1.06 

-1.27 

5.82i|^ 

1^..71+ 

3.26 

2.82 

1.07 

-  1.1;!+ 

5.871^5 

1+.93 

3.1+2 

2.69 

1.09 

-1.63 

.    5.921|5 

5.12 

3.59 

2.1+6 

1.12 

-  1.91 

5.961+5 

5.26 

3.73 

2.23 

1.17 

-    2.21+ 

5. "99^5 

S-3^ 

3.82 

1.96 

1.23 

-    2.58 

6.021+5 

5.1+3 

3.91 

1.57 

1.33 

-   3.06 

6.01^1-^5 

5.1+6 

3.95 

1.20 

1.1+3 

-   3.51 

6.06i).5 

5.1+7 

3.99 

6.oU 

(1) 

1.60 

-   I|..12 

6.081+5 

5.iw- 

I|-.00 

-   5.7I1. 

(0) 

1.88 

-  1+.99 

1    6.0995 

5.38 

I;. 00 

-  b.Sh 

(1) 

2.23 

-  5.91 

6.111+5 

5.28 

3.91+ 

-   2.01 

(2) 

2.82 

-7.23 

1    6.121^5 

5.16 

3.89 

-   3.08 

3.1^.5 

-  8.if6 

6.131+5 

i+.99 

3.81 

-   I+.57 

l+.i+3 

-  1.01   (3) 

1    6.11+1+5 

IJ..75 

3.68 

-6.71 

6.06 

-  1.25 

6.151^5 

U.38 

3.1^9 

-   1.00 

(3) 

9.03 

-   1.62 

6.1635 

3.38 

3.23 

-  1.1+8 

1.1+2 

(5) 

-   2.15 

6.1715 

3.22 

2.88 

-   2.18 

2.32 

-   2.92 

6.1785 

2.36 

2.[^2 

-    3.21 

3.86 

-   i+.06 

6.1855 

1.02 

1.1k 

-   5.05 

7.06 

-   6.09 

6.1905 

-  5.06 

(3) 

1.03 

1-    7.25 

1.09 

(6) 

-   8.52 

6.1935 

-   1.81 

(1+) 

i+.53 

(0) 

-   9.08 

1.37 

-   1.06    ik) 

6.1955 

-   2.92 

-   6.1.!.9 

(-2) 

-   1.05 

(1+) 

1.52 

-1.22 

6.1975 

-   1+.28 

-  5.36 

(0) 

-   1.21 

1.55 

-   1.39 

1    6.1990 

-  5.1+9 

-   9.82 

-    1.32 

1.1:5 

-    1.52 

6.2005 

-   6.92 

-   l.i.7 

(1) 

-   I.u2 

1.18 

-  1.63 

1    6.2015 

-   7.93 

-   1.02 

-   1.1'7 

1      8.98 

(5) 

-  1.69 

6.2025 

-   9.15 

-    2.19 

-  1.51 

5.50 

-  1.71+ 

1    6.2035 

-   1.01+ 

(5) 

-    2.57 

-  1.53 

1.55 

-1.76 

6 .  20/+0 

-   1.11 
I 

-   2.77 
1 

r  '■'' 

r  '■'' 

(1+) 

-1.76 

Ref croncoa 

[1]        Arons,   A.   B.,      "Socondary  Pressuro  Pul3es_Due_to_Gas  Globg 

0  s  c  111  afi  on  "Tn~nri^rwator_ExE^2  sions.  II,  ■SolGc_tl  on_ 
'"6T~J^lQbatlc""P5Fdr:otors  '.n  tho  ^rjioory  of  Ocnillatlon. " 
"J^urniccusTT'Soc.,    20  (19W) ,    277-282, 

[2]        Frloctoian,    B.,      "Theory  of  Underwater  Explosion  Bubbles,," 
I1#I-NYU  Report  No.    166    (191;?). 

[3]        Kolodner,    I.    I.    and  J.   B.   Keller,      "Underwater  Explosion  Bubble 
II.      The  Effect   of  Gravity   and  of  Chan^^e   of  Shape. "^^ 
E^'i-NYU  Report  No,    197    (19^3T.' 

[i|]        Kolodner,    I.    I.,      "Underwater  Explosion  Bubbles.      Ill    .Thq_ 

Effects   of   the   Su_rface~and  d"f  "the  Bottom  on  the  .Shap.e_ 
and  Motion  of   the  Bubble."    ~II#I-NYU  Report  No.    232    (1956 

[5]  "Review  of  the   Theory   of  Nonspherical  Underwatei? 

Bubbles .~"     ITine  Advisory  Conmlttee  Report  No.    IOO8    (1955. 

[6]        Penney,    W.   G.,    and  A.    T.   Price,      "Onjthe   Chanp:in^  Form  of   a 

ilearly  Sp h e r i c al   Subm ar in e  JBub b  1  e7]^     NOR  CompendiTora  on 
Un d e rwa ter  "SxpTo s i on  Research,    Vol.    II,    p.    Ii;.5-162. 

[7]        Snay,    H.   G.,    and  E.   A.    Christian,      "Underwater  Explosion 

Phenomena;      The  Pararaeters   of   a"  Hon-.Tiigrating  Bubble 
"(JscITIa^ng^rn  "an  Incompressible  MediiliTi.""     Navord  Report 
No.    2ij.37'Tl952y\ 


-       /■   .. 


Shope  of  the  bubble 

K=  1957,  a-=  .0633, 
/x  =  00,    1/  =  00, 

L=  lO.OOft,  T  =  . 1403  sec. 
Scale:   2.5".=  I 


5 
6 

■4 
3 

2 

•  I 


drawing 

t 

b 

1 

0 

0 

2 

1.55 

.080 

3 

2.59 

.322 

4 

2.82 

.456 

5 

2.94 

.532 

6 

2.977 

.514 

Fig. 2 
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